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(5) Process for producing resin moldings having a concave-convex pattern on the surface. 

(67) A process for producing a resin molding (10) 
having a concave-convex pattern on the surface 
is disclosed which includes the steps of provid- 
ing an original die (1) having a concave-convex 
pattern on the surface and a substrate (2) hav- 
ing a flat surface, thereby counterposing the 
concave-convex pattern surface and the flat 
surface to each other through a spacer (3), 
thereby forming a cell (4) with a cavity (17) 
formed by the original die, the substrate and the 
spacer ; making an internal pressure of the cell 
cavity lower than an external pressure thereof, 
thereby filling at least one of a liquid polymeriz- 
able component and a liquid resin into the 
cavity due to a pressure difference between the 
external pressure and the internal pressure ; 
curing at least one of the polymerizable compo- 
nent and the liquid resin in the cavity, thereby 
making a replica ; and peeling the original die 
from the replica, thereby obtaining a resin 
molding. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a process for pro- 
ducing a resin molding having a concave-convex pat- 
tern on the surface such as a substrate for optical 
recording media or an original stamper plate. 

Related Background Art 

A substrate for optical recording media has been 
so far produced typically by a compression method, a 
2P molding method using a photo-curable resin, an 
extrusion molding method, etc, each using a stamper 
prepared by electroforming. 

The stamper is generally prepared by forming a 
replica of original die having a concave-convex pat- 
tern on the surface as an original stamper plate, form- 
ing an electroformed film on the original stamper plate 
and peeling the electroformed film from the original 
stamper plate* 

A replicating die, i.e. the so called replica, is prep- 
ared from an original die by dispensing an un cured 
photocurable resin (which will be hereinafter referred 
to as 2 P (photo polymer)) onto the surface of the origi- 
nal die, placing a glass or plastic substrate thereon, 
thereby spreading the 2P between the original die and 
the substrate, and then curing the 2P, 

A conventional procedure for preparing an origi- 
nal stamper plate is shown in Fig. 7. At first, an original 
die 1 having a concave-convex pattern (not shown in 
the drawing) on the surface is fixed to a fixing plate 1 1 , 
and a given amount of uncured 2P is dispensed on the 
surface of the original die 1 (Fig. 7A). Then, a glass 
substrate 2 is placed thereon to spread the 2P along 
the entire interface between the original die 1 and the 
glass substrate 2, and then the 2P is cured by irradi- 
ation with an ultraviolet beam 12 through the glass 
substrate 2 (Fig. 7B). Then, the cured 2P (10) is 
peeled off the original die 1 together with the glass 
substrate 2 to obtain a replica as an original stamper 
plate 17 (Fig. 7C). 

The above-mentioned conventional procedure 
has such problems as inclusion of bubbles when the 
glass substrate 2 is placed on the uncured 2P on the 
original die 1 or when the uncured 2P is spread be- 
tween the original die 1 and the glass substrate 2, and 
protrusions (flashes) of the uncured 2P from the 
edges of the original die 1 when excess uncured 2P 
is dispersed. As shown in Fig. 7C, protrusros 16 of 
cured 2P are formed at the replica edges and would 
be broken in the successive step, and the broken 
pieces of protrusions would attach to the pattern of the 
replica or to the edges of the original die to act as pro- 
jections of the original die when the original die is used 
again for forming a replica. 

It would be possible to apply a peeling agent to 



the edges of the original die and the glass substrate 
or using a masking agent to remove flashes of cured 
2P by peeling, but the removed flashes have a high 
possibility to attach to the pattern surface of the rep- 
5 lica or original die as a defect. Thus, this is not pref- 
erable. 

To solve these problems, Japanese Patent Laid- 
open Application No. 61-213130 proposes to spread 
uncured 2P in vacuum to suppress the inclusion of 

10 bubbles and provide a leak-preventing wall for the un- 
cured 2P at the outer peripheral edge to prevent pro- 
trusion of 2P. When the leak-preventing wall is 
provided, it is necessary to exactly control a supply 
amount of uncured 2P to be dispensed. When the 

is supply amount is short, these would be such a case 
that 2P is not fully supplied to all the desired pattern 
regions. In case of excess supply 2P would go over 
the leak-preventing wall to form protrusions. 

It is well known to prepare a substrate for optical 

20 recording media, particularly an optical disc substrate 
itself from a photocurable resin. In that case, there are 
also such problems as inclusion of bubbles into the 
photocurable resin and occurrence of defects or 
flashes due to the protrusion of uncured photocurable 

25 resin. For example, Japanese Patent Publication No. 
63-58698 discloses a process for producing a sub- 
strate for optical recording media, which comprises 
applying an ultraviolet-curable resin circumferentially 
onto a transparent substrate, placing the transparent 

30 substrate in a turned-over state over a stamper with 
a clearance therebetween, letting the transparent 
substrate down onto the stamper while keeping the 
substrate and the stamper in an inclined state, and 
spreading the ultraviolet-curable resin along the inter- 
as race therebetween by rolling, thereby preventing in- 
clusion of bubbles in the ultraviolet-curable resin. 
However, the ultraviolet-curable resin-spread region 
cannot be exactly controlled even by the process. For 
example, when protrusion of the resin from the edges 

40 is to be prevented, a concave-convex pattern region 
cannot be provided at the edges of a stamper in order 
to securely supply the resin to the concave-convex 
pattern region on the stamper surface. This makes the 
process inefficient 

45 

SUMMARY OF THE INVENTION 

An object of the present invention is to overcome 
the problems of the prior art and to provide a process 
so for producing a resin molding free from inclusion of 
bubbles and occurrence of defects and flashes due to 
protrusion of the resin. 

Another object of the present invention is to pro- 
vide a process for producing an original stamper 
55 plate, which can efficiently produce an original stam- 
per plate without inclusion of bubbles and with a rep- 
lica having a uniform thickness. 

Other object of the present invention is to provide 
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an apparatus for producing a resin molding of uniform 
thickness without inclusion of bubbles. 

The present invention provides a process for pro- 
ducing a resin molding, which comprises: 

a) a step of providing an original die having a con- 
cave-convex pattern on the surface and a sub- 
strate having a flat surface, thereby counter- 
posing the concave-convex pattern surface and 
the flat surface to each other through a spacer, 
thereby forming a cell with a cavity formed by the 
original die, the substrate and the spacer, 

b) a step of making an internal pressure of the cell 
cavity lower than an external pressure thereof, 
thereby filling at least one of a liquid polymeriz- 
able component and a liquid resin into the cavity 
due to a pressure difference between the external 
pressure and the internal pressure, 

c) a step of curing at least one of the polymeriz- 
able component and the liquid resin in the cavity, 
thereby making a replica, and 

d) a step of peeling the original die from the rep- 
lica, thereby obtaining a resin molding. 

The present invention further provides a process 
for producing an original stamper plate, which com- 
prises: 

a) a step of providing an original die having a con- 
cave-convex pattern on the surface and a sub- 
strate having a flat surface, thereby counter- 
posing the concave-convex pattern surface and 
the flat surface to each other through a spacer, 
thereby forming a cell with a cavity formed by the 
original die, the substrate and the spacer, 

b) a step of making an internal pressure of the cell 
cavity lower than an external pressure thereof, 
thereby filling at least one of a liquid polyrneriz- 
able component and a liquid resin into the cavity 
due to a pressure difference between the external 
pressure and the internal pressure, 

c) a step of curing at least one of the polymeriz- 
able component and the liquid resin in the cavity, 
thereby making a replica, and 

d) a step of peeling the original die from the rep- 
lica, thereby obtaining an original stamper plate. 
The present invention further provides an ap- 
paratus for producing a resin molding, which com- 
prises a cell with a cavity formed by an original die 
having a concave-convex pattern on the surface, a 
substrate having a flat surface and a spacer, where 
the concave-convex pattern surface and the flat sur- 
face are counterposed to each other through the 
spacer; a means of reducing a pressure in the cavity; 
and a means of releasing a reduced pressure state in 
the cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B show one example of a cell 
shape for use in the present process for producing an 
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original stamper plate, where Fig. 1 A is a plan view of 
a cell and Fig. 1 B is a cross-sectional view along the 
line A - A of Fig. 1A. 

Figs. 2A and 2B show another example of a cell 
5 shape for use in the present process for producing an 
original stamper plate, where Fig, 2A is a plan view of 
a cell and Fig. 2B is a cross-sectional view along the 
line B- B of Fig, 2A, 

Figs. 3A and 3B are views for explaining steps of 
10 filling uncured 2P into a cavity. 

Figs. 4A to 4D show one embodiment of steps 
from filling uncured 2P into a cavity as far as produc- 
tion of an original stamper plate. 

Figs.SA to 5C show another embodiment of steps 
15 from filling uncured 2P into a cavity as far as produc- 
tion of an original stamper plate. 

Figs. 6A and 6B are views for explaining a pro- 
cedure for filling uncured 2P into a cavity according to 
Example 1. 

20 Figs. 7A to 7C show steps for producing an origi- 

nal stamper plate by a conventional dispensespread 
procedure. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

The present invention will be explained in detail 
below, referring to the drawings. 

Figs. 1A and 1B show one example of a cell 

30 shape for use in the present process for producing an 
original stamper plate, where Fig. 1 A is a plan view of 
a cell and Fig. 1 B is a cross-sectional view along the 
line A - A of Fig. 1A. 

As shown in Figs. 1A and 1B, an original die 1 

35 having a concave-convex pattern 1', such as pits, 
grooves, etc. on the surface and a glass substrate 2 
having a flat surface are counterposed through a 
spacer 3 having a given thickness provided at the ou- 
ter periphery so that the concave-convex pattern sur~ 

40 face and the flat surface can face each other, and a 
cell 4 having a cavity 17 surrounded by the original die 
1 , the substrate 2 and the spacer 3 is formed thereby. 
An inlet 5 for filling uncured 2P into the cavity 17 is pro- 
vided at a position of the outer periphery of the cell 4. 

45 Figs. 2A and 2B show another example of a cell 

shape for use in the present process for producing an 
original stamper plate, where Fig. 2A is a plan view of 
a cell and Fig. 2B is a cross-sectional view along the 
line B- B of Fig. 1A. 

50 As shown in Figs. 2A and 2B, an inlet 5' is pro- 

vided on a glass substrate 2 as an opening, through 
which uncured 2P may be filled into a cavity 17. The 
inlet 5' can be also provided on the original die 1, so 
long as the outlet 5' is positioned outside the effective 

55 area. 

The present process for producing an original 
stamper plate, using the cell as described above, will 
be explained below. 

3 
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As shown in Fig. 3A, the cell 4 formed by the origi- 
nal die and the glass substrate and uncured 2P (9) are 
placed in a chamber 6, and air is evacuated from the 
chamber 6 through a vent 7 to keep the inside of the 
chamber 6 in a vacuum state. After deareation of un- 5 
cured 2P (9) in the chamber 6 is completed, the vent 
7 is closed and the inlet 5 of the cell 4 is dipped into 
the uncured 2P (9), as shown in Fig. 3B and air is 
leaked in from an air inlet 8. Through the foregoing 
operations, uncured 2P (9) is gradually introduced in- 10 
to the cell 4 due to a pressure difference between the 
cell 4 and the chamber 6. To promote the introduction 
of uncured 2P (9) into the cell 4, it is possible to make 
the pressure in the chamber 6 higher than the atmos- 
pheric pressure, that is, to pressurize the chamber 6. 15 

In the present invention, it is preferable in the in- 
troduction of uncured 2P into the cavity 17 that the in- 
ternal pressure of the cavity 17 is 1/10 2 to 1/10 4 , 
particularly 1/1 0 2 to 1/10 3 of the external pressure. 
That is, when the internal pressure and the external 20 
pressure of the cavity 17 are set to have an above- 
mentioned relationship, uncured 2P (9) can be sec- 
urely filled up to the ends of the cavity 1 7 without any 
large deformation of the cavity shape, and the rate of 
uncured 2P (9) to be introduced into the cavity 1 7 can 25 
be appropriately controlled. 

When the pressure of the chamber 6 is made 
higher than the atmospheric pressure, as mentioned 
above, it is preferable to pressurize the chamber 6 so 
that a relationship between the internal pressure and 30 
the external pressure of the cavity 1 7 can be in the 
above-mentioned range. 

In order to prevent inclusion of bubbles into 2P 
(9), it is preferable in the present invention that the 
cavity 17 has a vacuum degree of not more than 1 35 
Torr, particularly not more than 0.1 Torr as an internal 
pressure. 

After the introduction of uncured 2P (9) into the 
cell 4 has been completed, the uncured 2P (9) in the 
cell 4 is irradiated with an ultraviolet (UV) beam to cure 40 
2P, as shown in Figs. 4A and 4B, and then the original 
die 1 is peeled off the glass substrate 2, whereby an 
original stamper plate comprising the glass plate 2 
and a replical 9 formed on the glass substrate 2 can 
be obtained (Figs. 4C and 4D). 45 

As explained abovev uncured 2P is introduced in- 
to the cavity 17 due to a pressure difference between 
the internal pressure and the external pressure of the 
cavity 1 7 attained by evacuating the cavity 17 to bring 
the internal pressure into vacuum according to the so 
present process for producing a replica, and thus no 
inclusion of bubbles takes place in a molding. In the 
present invention there is no such a necessity for dis- 
pensing 2P, followed by lamination and spreading as 
in the prior art. Still furthermore, the resin can be sec- 55 
urely filled up to the ends of the surface of the original 
die 1, and a concave-convex pattern can be formed 
even at the edge parts of the surface of the original die 



1- That is, the original die can be fully utilized in the 
present invention. 

In the present invention, only a spacer is provided 
at the outer periphery portion of the original die and 
thus a replica of any shape can be produced. In the 
preparation of substrates, it is advantageous from the 
viewpoint of efficiency and cost to produce a stamper 
as large as possible and obtain a number of subs- 
trates by one run. In the present invention, it is poss- 
ible to produce a number of original stamper plates by 
one run. 

Opticai recording media include a circular shape 
and a rectangular shape such as a disc form and a 
card form, and particularly in case of a card, a rectan- 
gular stamper can produce a number of substrates by 
one run very efficiently with advantage. 

In the present invention, the spacer 3 must have 
a function to make a cavity thickness of the cell 4, i.e., 
a gap constant and a function to intercept air to form 
a pressure difference between the inside and the out- 
side of the cell 4, Le., a sealing function. 

Materials for the spacer 3 are not particularly 
limited, so far as they can give the spacer a sealing 
function and a function to keep the cavity thickness 
uniform, but it is preferable to use a polymerizable 
component, which can be polymerized by light irradi- 
ation and/or by heating or polymerizable at ordinary 
temperature as spacer materials, because sealing of 
the original die 1 and the substrate 2 or formation of 
a spacer at the assembling of the cell 4 can be readily 
carried out by a dispersing procedure. For example, 
it is preferable to use polymerizable components in- 
cluding oligomers and/or monomers of acrylic, sili- 
cone, polyester, epoxy and urethane resins as a 
spacer material. 

It is also possible to add a gap-forming agent to 
the spacer material to improve the uniformity of the 
thickness of the cavity 17. Such a gap-forming agent 
preferably has a predetermined outer diameter, and 
includes inorganic or organic fine particles such as 
alumina beads, zircon \a beads, polystyrene beads, 
microballoons, etc. whiskers having a predetermined 
size can be also used. 

When the gap-forming agent is used together 
with the spacer material, it is preferable from the view- 
point of dispersibility of the gap-forming agent and 
easiness of dispensing to use the above-mentioned 
polymerizable component, which can be polymerized 
by light irradiation and/or by heating, or polymerizable 
at ordinary temperature, as a spacer material* That is t 
a cell 4 can be formed with those polymerizable com- 
ponents as a spacer material by adding, if necessary, 
a gap-forming agent having a predetermined diame- 
ter to the polymerizable component such as an un- 
cured oligomer and/or monomer, which Is 
polymerizable by light irradiation and/or by heating; 
dispensing a given amount of the resulting mixture of 
the spacer material and the gap-forming agent onto 
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the outer periphery of an original die 1 or a substrate 
2; placing the original die 1 over the substrate 2 with 
such a clearance as to provide a given thickness to 
the cavity 17; and polymerizing the polymerizable 
component, thereby solidifying the polymerizable 
component 

As a spacer 3, a film molded to a predetermined 
thickness can be also used. 

As a spacer film, a metallic film such as an alumi- 
num foil or a plastic film can be used. It is preferable 
from the viewpoint of adhesiveness, i.e., sealability of 
the original die 1 and the glass substrate 2 to use a 
plastic film. 

Applicable plastic films include films of, for 
example, polyethylene, polypropylene, polyvinyl 
alcohol, polyethylene terephthalate, polyacetyl cellul- 
ose, polyamide, polyimide, etc. By selecting an ap- 
propriate thickness of the plastic film, the gap degree 
of the cavity 1 7 can be controlled, and the desired 
sealability can be obtained thereby. As shown in Fig. 
40, the spacer 3 is ultimately removed, and a replica 
1 0 is formed on the substrate 1 . In case of using a film 
as the spacer 3, its removed is much simpler. 

In the present invention it is preferable that the 
spacer is an elastomer having a hardness of not more 
than 60, particularly not more than 50 according to 
ASTM D 2240 {JIS K 6301). In the conventional curing 
of the uncured resin in the cavity, volumic shrinkage 
takes place when the liquid phase changes into a solid 
phase, and thus peeling of the cured resin from the 
outer periphery of the original die 1 due to the shrin- 
kage in the thickess direction, that is r the so-called 
"floating'' takes place, or a shrinkage in the in-plane di- 
rection of the cell 4, that is, the so-called "retraction" 
appears, resulting in uneven thickness of moldings or 
crack formation on the moldings. When the hardness 
of the spacer is limited to the above-mentioned range, 
occurrence of the "floating" or "retraction" can be re- 
duced when the uncured prepolymer is cured. Such a 
preferable spacer material includes a polymerizable 
silicone rubber which is polymerizable by light irradi- 
ation and/or by heating. 

In the present invention, it is very effective to use 
a gel-state elastomer having a penetration of 10 to 
1 00, particularly 30 to 1 00, according to ASTM 0 1 321 
as a spacer material. When a gel-state elastomer is 
used as a spacer material, as mentioned above, oc- 
currence of "floating" or "retraction" of moldings can 
be well reduced and the cell can be prevented from a 
large deformation due to a flow when the inside of the 
cavity is brought into a negative pressure. 

A good restoration to the predetermined cavity di- 
mensions can be obtained by filling uncured 2P into 
the cavity of defomred cell due to the negative press- 
ure prevailing in the cavity, and the thickness of mold- 
ings can be prevented from unevenness. 

Materials for the gel-state elastomer includes, for 
example, silicone rubbers, which turn to gel-state 



elastomers by light irradiation and/or by heating or by 
curing at ordinary temperature, such as YE 5822, YE 
5818, TSE 3051 and TSE 3051 L, (trademarks of pro- 
ducts made by Toshiba Silicone K.K., Japan), which 

5 act as a spacer when applied to the surface of an origi- 
nal die or a substrate at the time of cell assembling 
and are readily missible with a gap-forming agent. 

It is also effective to add fine hollow particles or 
microspheres capable of compression deformation as 

10 a gap-forming agent to the spacer of elastomer. How- 
ever, the gap-forming agent is not always necessary 
to use, and it is preferable to provide only the elas- 
tomer at the outer periphery. 

The spacer composed only of elastomer can be 

15 effectively formed, for example, by providing a gap- 
forming agent at the outer periphery of an original die, 
dispensing a prepolymer of the elastomer at the inside 
of the gap-forming agent, placing a glass substrate on 
the original die to make a laminate, curing the 

20 polymerizable component of the elastomer at first, 
then introducing uncured 2P into the cavity, and re- 
moving the gap-forming agent therefrom before cur- 
ing the 2P, whereby the spacer only of the elastomer 
can be made present at the curing of the 2P. In that 

25 case, a preferable gap-forming agent is a film from the 
viewpoint of easy removal. 

As another procedure for preventing "floating" or 
"retraction", a heat-softening material is used as a 
spacer material, and the curing of 2P is carried out in 

30 a softened state of the spacer while maintaining the 
cell at a higher temperature than the softening tem- 
perature of the spacer 3, whereby "floating" or "retrac- 
tion" can be prevented. 

Heat-softening materials for use in the present in- 

35 vention include, for example, resins such as polyolefin 
resin, polyamide resin, polyester resin, polyurethane 
resin, polyacrylic resin, polyvinyl chloride resin, 
polyvinyl resin, petroleum resin, polystyrene resin, 
polyvinyl acetate resin, and cellulose resin; eiastom- 

40 ers such as natural rubber, styrene- butadiene rubber, 
isoprene rubber and chloroprene rubber; and natural 
and synthetic waves such as spermaceti, beeswax, 
lanolin, carnauba wax, candelilla wax, montan wax, 
ceresine wax, paraffin wax, microcrystalline wax, 

45 oxidized wax, amide wax, ester wax, Fischer-Tropsch 
wax, stearyl alcohol, and sorbitan fatty, acid ester. 

From the viewpoint of easy workability and easy 
handling, preferable softening temperature of the he- 
at-softening material is usually 40* to 1 50°C, particu- 

so larly 50° to 120°C. 

Melt viscosity of the heat-softening material is 
preferably higher than that of uncured 2P to be used 
at a temperature by 10°C higher than the softening 
temperature of the heat-softening material, and is 

55 usually 10to 10 5 cps, particularly 20 to ICKcps. Below 
10 cps, uncured 2P is liable to protrude, whereas 
above 10 s cps, peeling or retraction is liable to occur. 
The above-mentioned resins, elastomers and 
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waxes can be used alone as the spacer 3 or in an ap- 
propriate combination thereof as the heat-softening 
material to adjust the softening temperature or the 
m eft viscosity. Above aJJ, the waxes are preferable he- 
at-softening materials because the viscosity of the 
waxes are abruptly lowered above the softening tem- 
perature and are easy to peel off the original die 1 after 
the curing of 2P and have a desired softening tem- 
perature and melt viscosity as mentioned above. 

Even if the spacer is not made of an elastomer, 
spacer 3 is removed after the uncured 2P is intro- 
duced into the cavity but before the uncured 2P is 
cured, as shown in Figs* 5A to 5C, and then the 2P is 
cured, whereby occurrence of "floating" or'Vetraction " 
can be prevented. When there is a fear of protrusion 
of uncured 2P to the outside of the cavity 1 7 due to the 
removal of the spacer 3 in that case, the entire cell is 
cooled to increase the viscosity of the uncured 2P 
thereby to prevent the protrusion of uncured 2P. It is 
simple and advantageous from the viewpoint of re- 
moval of the spacer before the curing of uncured 2P 
to use a film spacer. 

The clearance of cavity 17 of the present cell 4 is 
set in accordance to the thickness of moldings to be 
produced, and is in a range of 5 to 500 urn, preferably 
10 to 300 ^m, more preferably 15 to 200 urn. When 
the thickness of the cavity 17 is less than 5 jim, the 
flatness of the original die and the substrate must be 
maintained with a higher exactness, and the original 
die and the substrate will be bent in the inward direc- 
tion to the cavity 17 due to the introduction of uncured 
2P into the cavity 17 by the pressure difference and 
may be brought into contact with each other at the 
center of the cavity 17, resulting in incomplete intro- 
duction of the prepofymer. 

The present invention is not limited only to the 
production of original stamper plates, but is also ap- 
plicable to the production of substrates for optical re- 
cording media such as optical cards or optical discs. 
In that case, the resin moldings themselves can serve 
as substrates for optical recording media. The subs- 
trates for optical recording media can be prepared by 
curing the prepolymer in the cavity and peeling the 
cured polymer from the original die and the substrate. 
As shown in Fig. 4D, the resin molding and the sub- 
strate may be integrated together to provide a sub- 
strate for optical recording media. 

in the foregoing, uncured photocurabJe resin has 
been explained as materials to be filled in the cavity 
17. In the present invention, any material can be used 
without any restriction, so far as it can be filled into the 
cavity as a liquid and then can be cured. For example, 
photopolymerizable monomers, heat-polymerizable 
oligomers and/or monomers, or prepolymers, or liquid 
polymers dissolved in a solvent, etc. can be used. 
Among these materials, those having a volume shrin- 
kage of not more than 10%, particularly not more than 
5%, more particularly not more than 3%, are prefer- 



able materials in the present invention. 

When any one of the above-mentioned materials 
is filled as a liquid filled into the cavity 17, it is prefer- 
able that such a material has a viscosity of not more 

5 than 1 0 4 cps, particularly not more than 1 0 2 to 1 0 3 cps 
according to JIS K 71 17 when it is filled into the cavity 
17. When the above-mentioned photopolymerizable 
monomers, heat-polymerizable oligomers and/or 
monomers or prepolymers are used, it is also very ef- 

10 fective to use a spacer of the above-mentioned elas- 
tomer. 

The size of the cavity for use in the present inven- 
tion is as follows: 

In case that the cavity plan shapes are rectarrgu- 

15 lar including, a square, it is preferable to set the 
diagonal distance to not more than 800 mm, particu- 
larly not more than 750 mm. in case that the cavity 
plan shapes are circular, it is preferable to set the 
diameter to not more than 800 mm, particularly not 

20 more than 750 mm. 

As explained above, a ceil is formed from an origi- 
nal die and a glass substrate, placed one upon 
another through a spacer and at (east one of polymeri- 
zable prepolymers, monomers and liquid resins is in- 

25 troduced into the cavity of the cell due to a pressure 
difference between the internal pressure and the ex- 
ternal pressure of the cavity in the present invention, 
and thus inclusion of bubbles into the resin moldings 
can be prevented without formation of resin flashes. 

30 That is, resin moldings of good quality can be 
obtained according to the present invention. 

Furthermore, any cavity shape can be selected 
and thus a replica of any shape can be prepared. Sin- 
ce the liquid polymeriable prepolymers and/or mono- 

35 mers or liquid resin can be securely filled up to the 
ends of the cavity 17, a concave-convex pattern can 
be formed on the entire surface of the original die and 
efficient resin molding can be carried out in the pre- 
sent invention. Still furthermore, good resin moldings 

40 with a uniform thickness and without any cracks, etc. 
can be obtained with a gel-state elastomer as a 
spacer for the cell 4. 

The present invention will be explained in detail 
below, referring to Examples. 

45 

Example 1 

A 5 wt.% dispersion of microspheres having an 
average particle size of 40 vim {Expancel DU t 

so trademark of a product made by Nihon Ferrite K.K., 
Japan) in photocurable resin (Hardlock OP4515, 
trademark of a product made by Oenki Kagaku Kogyo 
K.K., Japan) was dispersed as a spacer at the outer 
periphery of a square original die, 300 mm x 300 mm, 

55 with a pattern area, 250 mm x 250 mm, by a dispen- 
ser, and then a glass substrate, 340 mm x 340 mm, 
with an inlet was placed thereon, as shown in Figs. 2A 
and 2B. The photocurable resin was irradiated with 
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ultraviolet beam to cure the resin, whereby a cell with 
an effective area of 270 mm x 270 mm was obtained. 

The pattern formed in the pattern area of the origi- 
nal die was a pattern corresponding to pregrooves for 
a stripe-shaped optical card t 3 urn wide, 12 urn for 5 
pitch and 3,000 A deep. 

Then, a photo-curable resin (2P) was filled into 
the cavity 17 according to a procedure shown in Figs. 
6A and 6B. At first, as shown in Fig. 6A, the inlet 5 of 
the cell was connected to a funnel 1 4 through a Teflon 10 
® tube 13 and then the ceil was placed in a vacuum 
chamber. Another funnel 14' was so provided as to 
supply 2P (INC 118, trademark of a product made by 
Ninon Kayaku K.K., Japan) dropwise to the funnel 14, 
and the funnel 14' was made to open or close by an 15 
electromagnetic value 15 by manipulation from the 
outside of the vacuum chamber. 

Then, the air of the vacuum chamber was 
evacuated to reduce the internal pressure of the cavi- 
ty 17 to 0.1 Torr. The vacuum chamber was kept at 20 
that vacuum degree for 30 minutes to remove bubbles 
from the 2P. Then, as shown in Fig. 6B, the elec- 
tromagnetic value 15 was opened to supply 2P into 
the funnel 14 dropwise and then air was gradually 
leaked into the chamber 6. 8 hours after the start of 25 
air leakage, the vacuum chamber was returned to the 
atmospheric pressure and 2P was fully introduced in- 
to the cell. It was observed by visual inspection that 
there were no bubbles in the ceil. 

In this Example, an acrylic ultraviolet-curable re- 30 
sin having a viscosity of 700 ops in the uncured state 
and a volume shrinkage of 3% after curing was used 
as 2P. 

Then r the Teflon tube was removed from the inlet 
of the eel! and the cell was irradiated with an ultraviolet 35 
beam from the glass substrate side to cure the 2P. It 
was found by visual inspection that floatings of 
maximum width of 1 0 mm occured without any retrac- 
tion. Then, the original die and the glass substrate 
were parted off, whereby an original stamper plate for 40 
an optical card provided with a replica, 250 mm x 250 
mm, of extactly transferred concave-convex pattern of 
the original die on the glass substrate was obtained. 

Example 2 45 

A cell was formed in the same manner as in 
Example 1 except that a polyethylene te'ephthalate 
film having a thickness of 50 um was used as the 
spacer. After the spacer-inserted part was thoroughly 50 
clamped for sealing, 2P was introduced into the cell 
and subjected to photocuring in the same manner as 
in Example 1. No bubbles were observed in the cell. 
After the photocuring, floatings occurred at the spacer 
periphery, but no retraction was observed. By peeling 55 
the original die off, an original stamper plate for an 
optical card, provided with a replica, 250 mm x 250 
mm and 50 jxrn thick, of exactly transferred concave- 



convex pattern of the original die on the glass sub- 
strate was obtained. 

Example 3 

A polyethylene terephthalate (PET) film, 5 mm 
wide and 50 jim thick, was provided at the outer 
periphery of the same original die as used in Example 
1, and then a liquid ultraviolet-curable silicone rubber 
(TFC 7870, trademark of a product made by Toshiba 
Silicone KX., Japan) was dispensed at the inside of 
the film, and then a glass substrate having a mirror- 
polished surface was placed thereon so that the mir- 
ror-polished surface can face the patterend surface of 
the original die. Then, the silicone rubber was cured 
by irradiation with an ultraviolet beam to make a 
spacer having a hardness of 25 according to ASTM D 
2240 and setting the gap degree of the cavity 1 7 to 50 
um. 

Then, the PET film that sets the gap degree of the 
cavity was removed to form a cell sealed with the sili- 
cone rubber with a gap degree of cavity of 50 um and 
a cell effective area of 270 mm x 270 mm. 

2P was introduced into the cell, and subjected to 
photocuring and peeling in the same manner as in 
Example 1. No bubbles were observed in the filled cell 
and no substantial floatings were observed at the 
periphery of silicone rubber after the photocuring. By 
peeling the original die off, an original stamper plate 
for an optical card, provided with a replica, 250 mm x 
250 mm, of exactly transferred concave-convex pat- 
tern of the original die on the glass substrate was 
obtained. 

Example 4 

A celJ was prepared in the same manner as in 
Example 3, except that ultraviolet-curable silicone 
rubber having a hardness of 17 after the curing ac- 
cording to ASTM D 2240 (XE-303, trademark of a pro- 
duct made by Toshiba Silicone K.K., Japan) was used 
in place of the ultraviolet-curable silicone rubber of 
Example 3, and a replica was molded from the cell in 
the same manner as in Example 3. No inclusion of 
bubbles in the replica was observed and no substan- 
tial floatings were observed at the periphery of the 
spacer. By peeling the original die off, an original 
stamper plate for an optical card, provided with a rep- 
lica, 250 mm x 250 mm and 50 M- m thick, of exactly 
transferred concave-convex pattern of the original die 
on the glass substrate was obtained. 

Example 5 

A cell was prepared in the same manner as in 
Example 3 except that an original die with an enlarged 
pattern area of 270 mm x 270 mm of Example 1 was 
used and gel-state ultraviolet-curable silicone having 
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a penetration of 80 after the curing (XE 17-A0884, 
trademark of a product made by Toshiba Silicone 
K.K., Japan) was used as a spacer in place of the ul- 
traviolet-curable silicone rubber of Example 3. 

A replica was molded from the cell in the same 
manner as in Example 3. The PET film that sets the 
gap degree was removed before 2P was introduced 
into the cavity. After filling of uncured 2P into the cavi- 
ty, 2P was cured by irradiation with an ultraviolet 
beam. No floating from the original die was observed 
atall. The effective area of the replica after the peeling 
was 270 mm x 270 mm, which was equal to the cell 
effective area and the thickness of the replica was un- 
iformly 50 ^im throughout the entire surface. 

Example 6 

A cell was prepared in the same manner as in 
Example 5 except that gel-state ultraviolet-curable li- 
quid silicone having a penetration of 85 after the cur- 
ing (TUV 6001, trademark of a product made by 
Toshiba Silicone K.K., Japan) was used in place of the 
gel-state ultraviolet-curable liquid silicone of Example 
5. A replica was molded from the cell and no occurr- 
ence of "floatings" and "retraction" was observed at 
all. By peeling the original die off, a replica of exactly 
transferred concave-convex pattern of the original die 
and uniform thickness over the entire surface of 270 
mm x 270 mm was obtained. 

Example 7 

A cell was prepared in the same manner as in 
Example 2. except that a polyolefin film sheet (X- 
1430, trademark of a product made by Daicel K.K., 
Japan) having a thickness 50 urn was used in place 
of the spacer of Example 2, and the original die and 
the glass substrate were pressed to each other in a 
dry oven at 100 °C. 

Then, 2P was introduced into the cavity and the 
2P-filled cell was irradiated with an ultraviolet beam 
while maintaining the cell at 120°C to cure the 29. 

After the curing, some floating from the original 
die was observed near the spacer, and a replica. 260 
mm x 260 mm, without inclusion of bubbles was 
obtained. 

Example 8 

A PET film, 5 mm wide and 50 \itr\ thick, was pro- 
vided at the periphery of the same original die as used 
in Example 1, and paraffin wax having a melting point 
of 155°F (68.3°C), made by Nihon Seiro K.K., Japan, 
was dispensed in a heated and molten state at the in- 
side of the film, and a glass substrate was placed the- 
reon. After the paraffin wax was solidified, the PET 
film was removed therefrom to form a cell, 270 mm x 
270 mm. 



Then, 2P was introduced into the cavity and the 
cell was irradiated with an ultraviolet beam while 
maintaining the entire cell at 80°C to cure the 2P. 
Even after cooling to room temperature, no floating of 
5 cured 2Pfrom the original die was observed at all. By 
peeling the original die, a replica, 270 mm x 270 mm, 
without inclusion of bubbles was obtained. The para- 
ffin wax had a melt index (78,3°C) of not more than 
100 cps. 

10 

Example 9 

A replica was molded in the same manner as in 
Example 8 except that lanolin wax (Lanox FP-1406N, 

15 trademark of a product made by Yoshikawa Seiyu 
K.K., Japan) was used in place of the paraffin wax of 
Example 8. After curing of 2P, a replica, 270 mm x 270 
mm, without occurrence of floating and inclusion of 
bubbles was obtained. The lanolrn wax had a melt in- 

20 dex (80°C) of not more than 200 cps. 



Claims 

25 1 . A process for producing a resin molding having a 
concave-convex pattern on the surface, which 
comprises: 

a) a step of providing an original die having a 
concave-convex pattern on the surface and a 

so substrate having a flat surface, thereby coun- 

ter posing the concave-convex pattern surface 
and the flat surface to each other through a 
spacer, thereby forming a cell with a cavity for- 
med by the original die, the substrate and the 

36 spacer, 

b) a step of making an internal pressure of the 
cell cavity lower than an external pressure 
thereof, thereby filling at least one of a liquid 
polymerizable component and a liquid resin 

40 into the cavity due to a pressure difference be- 

tween the external pressure and the internal 
pressure, 

c) a step of curing at least one of the polymeri- 
zable component and the liquid resin in the 

45 cavity, thereby making a replica, and 

d) a step of peeling the original die from the 
replica, thereby obtaining a resin molding. 

2. A process according to Claim 1, wherein in the 
50 step b) the internal pressure of the cavity is set to 

1/1 0 2 to 1/1 0 4 of trie external pressure, 

3. A process according to Claim 2, wherein in the 
step b) the internal pressure of the cavity is set to 

55 1/1 0 2 to 1/1 0 3 of the external pressure. 

4. A process according to Claim 1 , wherein in the 
step b) the internal pressure of the cavity is not 
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more than 1 Ton*. 

5. A process according to Claim 4, wherein in the 
step b) the internal pressure of the cavity is not 
more than 0,1 Torr. 

6. A process according to Claim 1, wherein at least 
one of the liquid polymerizable component and 
the liquid resin to be filled in the cavity has a vis- 
cosity of not more than 1 0 4 cps. 

7. A process according to Claim 6, wherein at least 
one of the liquid polymerizable component and 
the liquid resin has a viscosity of 10 2 to 10 3 cps. 

8. A process according to Claim 6, wherein the liquid 
polymerizable component is an uncured photo- 
curable resin. 

9. A process according to Claim 1, wherein at least 
one of the liquid polymerizable component and 
the liquid resin has a volume shrinkage of not 
more than 10% after curing. 

10. A process according to Claim 1, which has a step 
of using a material containing a liquid polymeriz- 
able component as a spacer material, applying 
uncured spacer material to the surface of at least 
one of the original die and the substrate, then 
placing the original die and the substrate one up- 
on another and curing the spacer material, there- 
by forming a cell with the cured spacer material as 
the spacer. 



19. A process according to Claim 1 6, wherein the gel- 
state elastomer is a cured product of a material 
containing a liquid polymerizable component. 

5 20. A process according to Claim 1 6, wherein the gel- 
state elastomer is a silicone rubber. 

21. A process according to Claim 1 , which has a step 
of using a heat-softening material as the spacer, 
filling the cavity of the cell with at least one of the 
liquid polymerizable component and the liquid re- 
sin and curing at least one of the polymerizable 
component and the liquid resin in the cavity in a 
softened state of the spacer attained by heating 
the spacer to a temperature higher than the sof- 
tening temperature of the spacer. 

22. A process according to Claim 21, wherein the he- 
at-softening material is a material having a lower 
viscosity, at a temperature by ICTC higher than 
the softening temperature of the material, than 
the viscosity of at least one of the I iquid polymeri- 
zable component and the liquid resin. 

23. A process according to Claim 21 , wherein the he- 
at-softening material is wax. 

24. A process according to Claim 1 , which has a step 
of removing the spacer after filling the cavity with 
at least one of the liquid polymerizable compo- 
nent and the liquid resin and then curing at least 
one of the liquid polymerizable component and 
the liquid resin in the cavity. 



15 



20 



25 



1 1. A process according to Claim 1 , wherein an elas- 
tomer is used as the spacer for the cell. 

12. A process according to Claim 11, wherein the 
elastomer has a hardness of not more than 80. 

13. A process according to Claim 12, wherein the 
elastomer has a hardness of not more than 50. 

14. A process according to Claim 11, wherein the 
elastomer is a cured product of a material con- 
taining a liquid polymerizable component. 

15. A process according to Claim 11, wherein the 
elastomer is a silicone rubber. 

1 6. A process according to Claim 1 , wherein a gel- 
state elastomer is used as the spacer for the cell, 

1 7. A process according to Claim 1 6, wherein the gel- 
state elastomer has a penetration of 10 to 100. 

18. A process according to Claim 1 7, wherein the gel- 
state elastomer has a penetration of 30 to 100. 



35 25. A process according to Claim 1, wherein the 
spacer is a resin film. 

26. A process according to Claim 1 , wherein the resin 
molding having a concave-convex pattern is a 

40 substrate for optical recording media. 

27. A process for producing an orig inal stamper plate, 
which comprises: 

a) a step of providing an original die having a 
45 concave-convex pattern on the surface and a 

substrate having a flat surface, thereby coun- 
terposing the concave-convex pattern and the 
flat surface to each other through a spacer, 
thereby forming a cell with a cavity formed by 
so the original die, the substrate and the spacer, 

b) a step of making an internal pressure of the 
cell cavity lower than an external pressure 
thereof, thereby filling at least one of a liquid 
polymerizable component and a liquid resin 

55 into the cavity due to a pressure difference be- 

tween the external pressure and the internal 
pressure, 

c) a step of curing at least one of the polymeri- 
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zable component and the liquid resin in the 
cavity, thereby making a replica, and 
d) a step of peeling the original die from the 
replica, thereby obtaining an original stamper 
plate. 5 

28. An apparatus for producing a resin molding hav- 
ing a concave-convex pattern on the surface, 
which comprises a cell with a cavity formed by an 
original die having a concave-convex pattern on 10 
the surface, a substrate having a flat surface and 

a spacer, where the concave-convex pattern sur- 
face and the flat surface are counterposed to 
each other through the spacer; a means of reduc- 
ing a pressure in the cavity and a means of releas- 15 
ing a reduced pressure state in the cavity. 

29. An apparatus according to Claim 28, wherein the 
spacer is an elastomer. 

20 

30. An apparatus according to Claim 29 t wherein the 
elastomer has a hardness of not more than 60. 

31. An apparatus according to Claim 29, wherein the 
elastomer is a silicone rubber* 25 

32. An apparatus according to Claim 28, wherein the 
spacer is a gel-state elastomer. 

33. An apparatus according to Claim 32, wherein the so 
gel-state elastomer has a penetration of 10 to 
100. 

34. An apparatus according to Claim 32, wherein the 
gel-state elastomer is a silicone rubber. 35 
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